Legumes are an important source of protein in developing countries. There are many landraces of bambara groundnuts which are grown and consumed in Africa especially in the drought stricken countries like Botswana. Bambara groundnut (Vigna subterranea L. Verdc) is an important indigenous African edible legume, which is widely grown and consumed. Its name is derived from the name of a Mali tribe called "Bambara" (Linnemann and Azam Ali, 1993) . Some are cooked in pods and eaten as a snack and seeds are cooked with samp and eaten as a main meal, and it takes 2-3 hours to cook. In Botswana it is grown as an intercrop with cereal crops such as maize, sorghum and millet. It is rarely grown as a sole crop. This crop has diverse uses, providing nutritious food, animal fodder, and a source of income for the rural dwellers. Its edible seeds contain 18.0-24.0 % protein and 42-70% carbohydrate content Amarteifio et al. 1997; Nwokolo, 1996; FAO, 1964) . It also contains high lysine content which complements the low lysine content in cereals (Massawe et al. 2005) . It fixes nitrogen in the soil through nodulation, and thus reducing the need for application of fertilizers (FAO, 1964) . It is a drought, pest, disease resistant crop and it also reduces pests in the field. The digestion and bioavailability of the nutrients in the bambara seeds for animal and human nutrition is limited by antinutrients such as trypsin inhibitors and condensed tannins (Apata and Ologhobo, 1997) . Condensed tannins (CTs) are polyphenolic substances widely distributed in plants, especially in legumes and due to their large structure are known to inhibit protein digestibility by forming irreversible complexes with proteins, thereby reducing the bioavalability of amino acids. However, recent research has also indicated that condensed tannins in low concentrations have beneficial effects in animal and human nutrition and health (Akindahunsi, 2005; Champ, 2002) . The antinutrients are mainly located in the testa of legumes. Brown coloured seeds of cowpeas and Bambara groundnuts contain more tannins than the cream coloured (Nwokolo, 1996) . Other antinutrients, such as trypsin inhibitors, inhibit the activity of digestive enzymes, haemaglutinnins inhibit the absorption of nutrients and phytates and oxalates bind to minerals. It is very essential to know the content of antinutrients and effective methods to inactivate them especially that Bambara seeds are used in weaning formula called "TSABANA" produced in Botswana (Ohiokpehai, 2003a) . The present study therefore aims at investigating the levels of antinutrients trypsin inhibitors and condensed tannins present in Bambara groundnut landraces grown in Botswana, Namibia and Swaziland.
MATERIALS AND METHODS
The landraces investigated were AHM 968, AS17, OM1, NC2, NC1, DipC, Gab C, UR/SR, AHM 753 from Botswana, Swaziland and Namibia, respectively (Table 1 ) through an exchange of seed with Southern African partners. The seeds were ground using a coffee mill to a particle size of 20 mesh and defatted by mixing with five volumes of hexane (w/v) for ten minutes. The mixture was filtered through Whatman No. 1 filter paper and the sediment rinsed with hexane three times to remove residual oil in the seed flour. The defatted flour was air-dried at ambient temperature until free of hexane odour. Trypsin inhibitor was extracted from the seed flour with a solution of 0.15M NaCl in a ratio of 10:1 (w/v) by shaking at 180 rpm at ambient temperature for one hour. The mixture was centrifuged at 5000*g for 30 minutes and the supernatant liquid saved. The trypsin inhibitor activity was determined by benzoyl-DLarginine-p-nitroanilide hydrochloride method as described by Kakade et al (1974) . The data were subjected to the Analysis of Variance (ANOVA) and Duncan's Multiple Range test was used to separate the mean values (p≤0.05).
Each sample (200 mg) was taken in a glass beaker and 10 mL of 70% acetone was added. For each sample there were two duplicates. The beaker and the contents were suspended in an ultrasonic water bath (Branson 3210) and subjected to ultrasonic treatment for 20 min at room temperature. The contents of the beaker were then transferred to centrifuge tubes and subjected to centrifugation for 10 min at approximately 3000 g at 4 ºC. The supernatant was collected and kept on ice ready for analysis.
Condensed tannin content was determined using butanol-HCl method (Porter et al. 1986 ) and absorbance readings taken using UV/VIS Spectrophotometer (Spectronic 20D Milton Roy) at 550 nm.
Condensed tannin (% dry matter) was determined using the leucocynadin equivalent formula: (A550nm x 78.26 x dilution factor)/ % dry matter, where A550 nm is the absorbance of each sample. The data were subjected to the Analysis of Variance (ANOVA) and Duncan's Multiple Range test was used to separate the mean values (p≤0.05).
RESULTS AND DISCUSSION
The results for trypsin inhibitor activity and overall trypsin inhibitor are shown in Table 2 and 3 respectively. Apparently most of the landraces from Namibia had the highest trypsin inhibitor activity followed by Swaziland and lastly Botswana. The trypsin inhibitor activity ranged from 43.9 to 68.4 TIU/mg protein. NC2 from Namibia had the highest trypsin inhibitor activity while AHM753 from Swaziland had the lowest trypsin inhibitor activity. There seem to be no obvious pattern in trypsin inhibitor activity of the landraces from the three countries. The results also indicate that there were some similarities and differences in trypsin inhibitor activities of landraces within a particular country. From the statistical analysis, the trypsin inhitor activity of OM1 from Swaziland was similar to that of NC2 from Swaziland (p<0.05) but significantly different from other landraces. The trypsin inhibitor activity of AS17 from Namibia was similar to that of AHM753 from Namibia. For the landraces from Botswana, NC1 was similar to AHM968 (p<0.05). There were also some similarities and differences in trypsin inhibitor activity of landraces in different countries. AS 17 from Botswana was similar to AS17 from Namibia (p<0.05) but significantly different from AS17 from Swaziland (p>0.05). The trypsin inhibitor activity of DiPC from Botswana was similar to DiPC from Namibia. The means of the activity of each landrace in the three countries showed that NC2 and DIPC had the highest activities and AHM 753 and AS 17 had the lowest. These results are found to be higher than those of Apata and Ologhobo 1997, who found trypsin inhibitor activities in two raw bambara varieties to be 9.4 and 12.2 TIU/mg protein. Linnemann and Azam-Ali (1993) reported that the trypsin inhibitor activity ranged from 6.75 to 15.44 TIU/mg in 100g samples from eight bambara genotypes. There is no correlation between the colour of the landraces and the trypsin inhibitor activity in this data. (Champ, 2002) . The trypsin inhibitor activity is higher than in chickpea and pigeon pea. The trypsin inhibitor activity in pigeon pea ranged from 23.8-30.27 Tiu/mg protein (Fasoyiro et al. 2005 ) and chickpea ranged between 10.0-14.0 Tiu/mg protein (Apata and Ologhobo, 1997; Vistpanich et al. 1985) . These results are also equal to and some higher than those of Gurumoorthi et al. (2003) , who found the trypsin inhibitor activities of both black and white coloured accessions of Mucosa beans, South Indian pulses, ranging between 45.2 and 49.6 units mg -1 protein. These results would be useful to producers of animal feed which use raw materials. The results of this study for the condensed tannins content of the nine Bambara landraces investigated are shown in Table 4 and 5. The CT content ranged from 0.041 to 0.493 %. AHM753 from Namibia had the highest content and was significantly different (p>0.05) from the other landraces. The lowest content was found in OM1 from Namibia. There were some similarities and differences in CT content within a particular country. In landraces from Botswana AS17, NC1 and UR/SR the contents were similar (p<0.05) while in Namibia NC2, NC1, GabC and OM-1 were similar. AHM968 from Swaziland was significantly different from the other landraces (p>0.05). The variation within the three countries AHM968, NC2, GabC and UR/SR were similar to those from Namibia (p<0.05) and significantly different from those grown in Swaziland. AS17 and OM1 had similar content in the three countries (p<0.05). The results compare favorably well with those of Apata et al. (1997) , who found the CT content in two bambara landraces to range from 0.37 to 0.39 %. Apata and Ologhobo (1997) also indicated that different processing methods such as cooking, roasting and autoclaving significantly reduced the tannin content in bambara groundnuts. Food processing is known to improve food quality and reduce some antinutritional factors (Ohiokpehai, 2003b) . Removal of the antinutrients would be necessary for effective utilization of proteins, carbohydrates and minerals in human nutrition. Hence, CT content in cream landraces may not have an adverse effect on humans when the seeds are consumed. Bambara seeds are usually eaten mature or immature. However, in Botswana the common processing method for bambara groundnuts is boiling the seeds. Phenolic substances are leached in water as they are heat labile and cannot survive high temperatures. Dehulling, soaking, boiling and discarding of cooking water could also curtail the condensed tannin content (Champ, 2002; Nwokolo, 1997) . Different processing methods such as wet and dry heat also need thorough investigations to determine if they are efficient in destroying the antinutrients. Dry heat is known not to be very efficient in eliminating the antinutrients. Cooking of bambara seeds may take two to three hours to cook and this has shown to be effective in reducing the tannin content (Apata and Ologhobo, 1997). The values of the CT content for the cream coloured landraces lie well below the recommended limit. The landraces with cream coloured testa (Table 1) had CT content less than 0.1 %. The maximum recommended limit of CT content in "Tsabana" is 0.1 % (Ohiokpehai, 1994) . In Botswana people prefer the cream coloured landraces for consumption than the tan, brown or black coloured landraces (Karikari, 2000) . The black coloured landraces are associated with medicinal properties (Karikari et al. 1996) . The values for the cream coloured landraces do not exceed the recommended limit of the CT content in Tsabana. The brown colored and red colored seeds had more CT content than the cream colored seeds (p>0.05). This data correlate well with the published data in the literature (Amarteifio et al. 1997) . This is an indication that the CT content is concentrated in the seed coat, with trace amounts in the cotyledons, and this has been observed in cowpea varieties by Preet and Punia (2000) . This pattern has also been observed in brown sorghum varieties which contained more CT content than white varieties (Amarteifio et al. 2003) . There was no correlation between the colour of the eye of the seed and CT content. The difference and similarity in the CT content may be influenced by different cultivars, soil fertility, climate, seasonality, rainfall, light intensity, nutrient concentrations (Champ, 2002) . Hybridization could also have an effect in the CT content. However, based on the results obtained it might not be significant. This was observed in the hybrid UR/SR seeds which had higher CT content. The CT content in Bambara landraces is lower than in other legumes such as cowpea (Asante et al. 2004 ) and pigeon pea (Fasoyiro et al. 2005) . Asante et al. (2004) found the CT content in raw cowpea accessions to range from 0.12-2.38%, pigeon pea by Fasoyiro et al. (2005) to range between 0.43-4.60% and soybean to be 0.33% (Visitpanich et al. 1985) . Conclusion: There is no recommended maximum limit for the trypsin inhibitor activity. There seem to be no adverse effect of trypsin inhibitor activity in the landraces if consumed cooked but more research needs to be done. Landraces AHM968, AHM753, AS17 and UR/SR had CT content exceeding the allowed limit of 0.10% (Ohiokpehai, 1994) in all three countries and thus are of concern as they may inhibit protein digestion. The seeds with a cream coloured testa, DipC, GabC, NC1, NC2 and OM1 may be recommended to be used in weaning formula as the CT is within the allowed limit. From a nutritional perspective, these findings would assist farmers and consumers in Southern Africa to select for landraces with a high nutritive value but low CT and trypsin inhibitor content for cultivation and human consumption. Plant breeders should also look into producing landraces with reduced antinutritional factors as they impede the bioavailablity of minerals and protein digestibility. Further investigations need to be carried out to ascertain whether the CT content and trypsin inhibitors in bambara landraces would pose harmful effect on chickens and pigs if the ground seeds are used as animal feed.
